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BACKGROUND

The first effort to perform a detailed quantitative underwater
inspection of fleet moorings was made by the Underwater Construction
Team Two ( UCT TWO) assisting the Civil Engineering Laboratory (CEL)
at Apra Harbor, Guam, in January of 1977 (reference (1)). Inspection
procedures and forms were developed to enable UCT TWO divers to perform
the hardware inspection and record the data. Interpretation of the data
and reporting were done by CEL. The inspection was successful, however,
further refinement of the procedures, tools, and documentation was deemed
necessary. When UCT TWO was requested to conduct mooring inspections in
San Diego, UCT TWO approached CEL to provide assistance and to write the
inspection report. The inspection procedures, results, and analysis of
the data for the San Diego fleet moorings are documented in reference
(2). This work was funded by San Diego Public Works Center.

Recently the Ocean Engineering and Construction Office (FPO-1) of
Chesapeake Division, Naval Facilities Engineering Command was given the
lead to establish uniform procedures, criteria, and type specifications
for meoring inspection and condition assessment. As a part of this
work the Fleet Mooring Maintenance Manual, M0-124 will be updated.

St

OBJECTIVE AND SCOPE

# s

CEL received requests from various Engineering Field Divisions
(EFD's), Public Work Centers (PWC's) and the UCT's for guidance in
underwater inspection of moorings. This report was prepared in response
to those reguests. This report provides the procedures, equipment,
and the data recording format used to conduct underwater inspections of
fleet moorings. These guidelines are of an interim nature and will
be superceded by the revised M0-124, These guidelines are applicable
to the inspecting divers at each station, whether they be Underwater
Construction Team (UCT), Public Works Center (PWC), or contracted divers.

Normally the divers making the inspection will only report the
physical condition of the mooring based on the guidelines given. 1In
addition to the checks to be made as listed in this report, the customer
may require additional information to assess the mooring's condition.

The role of the diver in underwater inspections is 1) to acquire the
data on the condition of the mooring or underwater structure and 2) to
record and compile the data for delivery to the customer. The diver
should not be expected to make assessments of the structural integrity
or safety of the mooring. These must be carried out by the engineer who
analyzes the inspection data. It is strongly recommended that the cus-
tomer have this engineer on site during the inspections. In this way
the engineer can recognise the need for and request additional data
when necessary.




UNDERWATER INSPECTION

General Procedure

The inspections performed by the UCT's are a quick, economical means
of establishing the general condition of moorings. This information is
suitable for decisions of maintenance (defer or expedite scheduled
overhauls) and classification (downgrading rated capacity of a mooring).

A more detailed inspection should be performed upon recovery of the mooring
to establish the specific overhaul maintenance required.

Before an underwater inspection can begin, drawings or parts list of
each mooring are required to perform the inspections expeditiously.

These documents should be updated by the responsible PWC, EFD, or activity
with each overhaul to ensure they reflect the current mooring design.

[f these documents are available and up to date, the divers can make
simple, fast "go no-go" measurements to establish mooring condition., If
they are not available, the divers must spend their time making actual
physical measurements of the components to establish "as built" drawings
and parts lists. Due to restrictions on bottom time, this is a lengthy
and expensive procedure.

A selective sampling approach is taken to the underwater mooring
inspection. Areas which are known to corrode or wear rapidly are checked.
Comparing the drawings and parts list to design requirements and mooring
classification pinpoints other areas of concern.

The inspection consists of measuring the chain and connecting hardware
to determine the amount of corrosion and wear. Chain which is less than
0% of original diameter should be downgraded in classification; chain
which is less than 80% of original should be excessed. Single link
measurements on the wire diameter of a single A-link detect corrosion
loss; double link measurements made where two A-links contact detect
wear. Single link measurements are made on three different diameters on
the same approximate cross-section. The double link measurements are
made on three adjoining links (Figure 1). Each riser-type mooring is
inspected by making the following caliper measurements: (1) single
and double link measurements on the riser just under the buoy, halfway
to the ground ring, and just above the ground ring; (2) single link
measurements on the ground ring; (3) single and double link measurements
on each ground leg just below the ground ring and at the wearpoint (where
the chain is picked up and set down on the bottom by tides and waves).
Anchor joining links connecting the ground legs to the ground ring should
be visually checked but not measured. 1In addition, an underwater voltmeter
should be used to obtain corrosion potentials at each inspection point.
This is mandatory if the mooring is cathodically protected, optional if
it is not. The anodes on cathodically protected moorings should also be
inspected. Any dull powder on the anodes should be removed. Measurements
or estimates of the amount of anode remaining should be made. Measure
the corrosion potential of the anode.

Telephone-type moorings should be given single link, double link and
potential measurements on each leg at the wearpoint, midpoint, and just
below the buoy.
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The general orientation of each leg can be obtained by finding the
angle between a landmark and the diver's bubbles or a marker float at
the end of each ground leg with a horizontal sextant. Alternatively a
hand-bearing compass or pelorus may ve used by sighting over the buoy
from the marker float or bubbles. Using the compass on the buoy is not
advisable as considerable compass deviation may be induced. The buoy
position, as shown on the charts, should be checked to detect dragging.
This may be done from the buoy by using sextant sights or compass bearings
of landmarks or a precision positioning system such as the Mini-Ranger.
The buoy position may also be fixed from shore using transits or compass
bearings from charted benchmarks.

The anchors usually cannot be inspected as they are buried beneath
the seafloor. The divers should swim out the ground leg until it becomes
buried in the seafloor. The sketches given for each mooring in the data
sheets therefore do not give actual lengths of the ground legs or bearings
to anchors but depend upon the tautness of the ground leg for the
overall accuracy of the bearings. These sketches should be taken only
as a general indication of the mooring layout.

The buoy is inspected by noting fender condition, fouling, wear and
corrosion on connecting links, need for cleaning and recoating, and
collision damage. Valves and junction boxes on telephone-type buoys
should be checked. Some of the riser type buoys have hawse pipes. One
particular area to check on this type buoy is that portion of the riser
chain in the hawse pipe. This can be done by using a crane to 1ift up
on the riser and connecting links on top of the buoy. The condition of
the rubbing casting at the bottom of the hawse chain should be noted and
single and double link measurements should be made on the hawse chain.

Inspections can be carried out with SCUBA or surface-supplied gear.
At San Diego both MK1 (bandmask) and SCUBA were tried; SCUBA went faster.
One diver carried a chipping hammer and the calipers; the second diver
carried the voltmeter and the inspection form taped to a slate. Diver 1
would clear growth and corroded materials, make caliper measurements and
signal results to diver 2. Diver 2 would record results on the inspection
form (printed on waterproof paper) and then take voltmeter readings. In
this manner a 3-leg riser type mooring in about 40-60' of water could be
inspected in 40 to 60 minutes.

If visibility becomes very poor MK1 is probably the best way to do
inspections. The diver would then call his results to the surface where
they would be recorded. With low visibility it may be necessary to have
the diver tie off each leg with a small piece of line as it is inspected,
this will provide a tactile marking of which legs have already been
inspected.

For moorings in depths beyond practical working dive range, typically
120 feet, a crane barge may be used to 1ift the mooring so divers can
check the ground ring and upper sections of ground legs. This was done
during the Apra Harbor inspection and allowed the PWC riggers to perform
buoy maintenance while the mooring was inspected (reference (1)). A
crane barge will also be necessary if the ground ring is buried in the
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seafloor. The crane (or winch) must 1ift the ground ring free of the
bottom to allow divers to inspect the ring and the attached ground legs.
This is necessary as these components are those most subject to wear.
Properly designed moorings will always have the ground ring off
the seafloor.

If the riser is raised it must be securely tied off to a strong
point on the barge, before inspected by divers. Do not depend on a
crane or winch to hold the load.

Equipment

Tables 1 and 2 give the 80 and 90 percent measurements for mooring
components for each type of mooring class. These tables are based on
the standard moorings listed in DM-26, reference 3, (Figures 2 and 3).

The tables can be used to preset calipers for the various items to be
inspected. For example, a class BB riser type mooring will require
calipers set to 3.15" (90%) and 2.80" (80%) for single link measurements
on the riser; 6.30" (90%) and 5.60" (80%) for double link on the riser;
2.25" and 2.00" for single link on the ground legs; 4.50" and 4,00" for
double link on the ground legs; and for the ground ring 5.85" and 5.20".

When adjustable calipers were used at San Diego, they were preset
with a vernier caliper then taped to prevent movement of the adjusting
screw. The preferred measurement device is the back-to-back 80 and 90
percent gage configuration (Figure 4.) These gages eliminate the need
for setting calipers before diving and checking and resetting them between
dives. Chances of knocking the adjustment off the setting are eliminated,
and the number of calipers to carry is reduced by half.

To insure the diver could distinguish each caliper,visual and tactile
markings were placed on each caliper to indicate what part it was to
measure. Tape was wrapped around the calipers to provide the necessary
markings (Figure 5). The same coding was used on the single and double
link calipers as they are easy to distinguish by their settings.

The back-to-back gages are easier to identify due to their shape.
Only the position marking (riser, ground ring, ground chain) need be
applied.

Documentation

The inspection form developed for earlier mooring inspections was
modified to concentrate the data on one sheet (Figure 6). The forms were
reproduced on a waterproof writing paper which allowed data to be recorded
on the surface or underwater. The form has space for a riser type or
telephone type mooring with four legs. The higher class moorings require
two sheets. The waterproof writing paper used by the UCT's is called
Underwater Ascot 31073 and is available from Appleton Papers, Inc.,
Appleton, Wisconsin 54911, Telephone (414) 734-9841,
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An example of the required pre-inspection information is given in
Figure 7. This type of information may also be taken from drawings of
the mooring. In addition to this information a chart should be provided
giving the present locations of the moorings. The information provided
by the parts list allows the inspector to select the appropriate caliper
sizes before the dive.

An example of a completed inspection sheet is shown in Figure 8.

Note that a check is made for each of the three (3) single link and double
link checks made at each location even if they are all the same. Double
link measurements were not made at the wearpoint as this chain was on the
bottom and could be slack. Measuring double link thickness of slack

chain would not give a reliable measurement. Also note that NI (not
inspected) is placed after the anchor size and type. The anchors were
buried so no check could be made.

To number the legs of the mooring the following convention should
be used. Label the legs 1, 2, 3, ..... consecutively starting at true
north and working clockwise (from 00 to 3600)., The surface tenders
will have to keep track of the order in which the diving team is doing
the inspection and label the ground legs on the divers data sheet appro-
priately when they surface.

Figure 9 is a sketch of the mooring layout made from the sextant
sights taken on the marker buoys attached to the ground legs. When the
current is slack sights can be made on the diver's bubbles.

The parts lists, inspection sheets, and mooring layouts should be
compiled with any other pertinent information and delivered to the engineer
PWC, or other cognizant activity for analysis. CHESNAVFACENGCOM FPO-1
is to receive a copy of each underwater inspection report. In the analysis
the downgrading of mooring classifications, or minor and major overhauls
are recommended. Once again such assessments are made only by the engineer
and should not be expected from the diving inspectors.

RECOMMENDATIONS AND CONCLUSIONS

The procedures and documentation given are provided to insure that
the Navy's Fleet moorings receive an inspection suitable for making
maintenance decisions. These guidelines are provided for use until the
Fleet Mooring Maintenance Manual, M0-124 can be revised. Universal use
of these inspection guidelines in the interim will promote the ease of
data handling and retrieval. It is understood modifications to these
procedures will be necessary in time and for unusual mooring configura-
tions. To keep the documentation standardized suggested changes should
be forwarded to the Naval Facilities Engineering Command, Code 1002 or
to CHESNAVFACENGCOM FPO-1 for consideration.
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Sigle Link Measurement

Figure 1. Locations for taking chain link measurements.
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| hink

length of tiser chain !
equals depth of water l
trom high ode to tiom { A links
bottom minus 10 fr, 3 ; use
cut length to suit & ’ bround l Joining

‘ ! Links

[

between

shots

approx

anchor
joining
hink

Fshackle with lugs

2N

anchor jommy link 1
— end

ground chain rser buoy rubbing

casting

e
4 L use joiming hink
/' } hetween shots

swivel

. nine Ahinks
approx

spider

ground chan =

Figure 2. Free-swinging riser-type mooring, classes A-A,
B-B, and C-C (6 ground legs).
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3172 anchor joming link, A, B, C, D
+in.anchor joning (class D-D) link (set)

end hink end link

telephone buoy

Alinks. See chain Table 745
for numbers of shots required.
use joining links between shots

swivel chain shot

i
o

nine A-links approx

e

4n Dshackle (Class D DY
Fshackle without lugs (AL B.C. D)

/ anchor joinmg link

£ /\ 45-ft length of ground

chain Gt used) to be
connected adjacent to

buoy
S5
skl > One mooring chan leg shown.
- ¢
N Three required per mooring,
\ - with legs on 120" centers
F. "

anchor joining link

concrete sinkers may be connected to
each ground leg 135 ft from the anchor

nine A-links approx

"/'
swivel chain shot //K v

anchor joining link

£

anchor T anchor jomning hink

Figure 3.
classes A-A, B-B

N

4an.anchor joining hink (set)

end hink end hink

e
< 11
—_—=c= — =
e A T A
'
Ly
L]
telephone : ! buoy
|
V1
11
iy
3 )
=
,/ J Q
ec O

A-links. See chain
Table 7-45 for number
of shots required.
use jomning links

between shots

4an. Dshackle

3172 or 440 anchor
jommg hink

anchor joining hink

’
-, M 5 7‘\45“ length of ground chain
Sy ’ (f used) to be placed adjacent
80 fr + - / to spider
- =
@ pairsof / L !
anchor legs swivel

Two mooring chain legs shown. Six ll‘x\ required
per mooring, with paies of legs on 1207 centers

Free-swinging telephone-type mooring,
, and C-C.
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MIORING DM-3
RISER iYPE - CLASS

3 LEGS MATERIAL COST
$32,700

LEG "A" DETAILS LEG "B" DETAILS

R T T R R YR R SRR AP

3" Bending Shackle 3" Bending Shackle
25" NACO A. J. Link 2%" Pear Link

2%" Pear Link 24" Detachable Link
24" Detachable Link 90" --2" €. S. Chain
90' --2" C. S. Chain 2%" Detachable Link
2%" Detachable Link 89" —-2* €. S. €hain
90' --2' C. S. Chain ?%" Detachable Link
2%" Detachable Link 2%" Pear Link

2%" Pear Link 25" NACO A. J. Link
3" Bending Shackle 13,000# IMP. Stockless Anchor
13,0005 IMP. Stockless Anchor

A 4

P

¥

LEG "C" DETAILS RISER CHAIN DETAILS

3" Bending Shackle Drum Buoy (Small) W/Tension Bar
2%" KACO A. J. Link 2%" NACO A. J. Link

25" Pear Link 27' --2%" C.S. Riser Chain

2%" Detachable Link 2%" Detachable Link

76' -- 2" C. S. Chain ™ €. 1. Link

2" Detachable Link 2 9/16" Pear Link

2%" Pear Link 3" Bending Shackle

2%" Bending Shackle 4 3/4" x 18" I.D. Ground Ring
13,000# IMP. Stockless Anchor

HISTORY: 3/15/55 New Installation
11/13/60 Reconditioned and Relaid
2/12/64 Reconditioned and Relaid
11/3/66 Reconditioned and Relaid
4/3/74 Reconditioned and Relaid

Figure 7. Parts list of a fleet mooring.
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DISTRIBUTION LIST

AFB AF Tech Office (Mgt & Ops), Tyndall, FL, CESCH, Wnght-Patterson; HQAFESC/DEMM, Tyndail A} B. KL,
MACDET (Col P Thompson) Scott, 1L, Sunfo Library, Offutt NE

ARCTICSUBL AB Code S41. San Drego, CA

ARMY ARRADCOM. Dover. NJ. BMDSC-RE (H. McClellan) Huntsville AL DAEN-MPE-D Washington DX
HODAEN MPO-B (Mr Price)

ARMY COASTAL ENGR RSCH CEN Fort Belvorr VAL R Jachowski, Fort Belvoir VA

ARMY ( OF Philadelphia Dist (L IBRARY ) Philadelphia, PA

ARMY CORPS OF ENGINEERS MRD-Eng Div . Omaha NE. Seattle Dist. Library, Seattie WA

ARMY CRREL A Kovacos. Hanover NH

ARMY ENG DIV HNDED-CS. Huntsville AL HNDED-SR, Huntsville. Al

ARMY ENGWATERWAYS EXP STA Library, Vicksburg MS

ARMY ENGR DIST Library, Portland OR

ARMY ENVIRON HYGIENE AGCY Water Qual Div (Doner), Aberdeen Prov Ground. MD

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe. Watertown MA

ARMY MOBIL FQUIP R&D COM Mr Cevasco, Fort Belvoir MD

ARMY TRANSPORTATION SCHOOL MAJ T Sweeney, Code ATSP CD-TE Fort Eustis VA

ASST SECRETARY OF THE NAVY Spec. Assist Energy (P. Waterman), Washington DC. Spec. Assist Submarines, ]
Washington IDC g :

BUREALU OF RECLAMATION Code 1512 (C Selander) Denver CO 3

CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk, VA

CINCPAC Fac Engrng Dy (J44) Makalapa, Hi

CNM NMAT 081246 (Dreterle) Wash, DC

CONO Code NOP-964. Washington DC. Code OP 323, Washington DC. Code OPNAV 09824 (H). Code OPNAV 22,
Wash DO Code OPNAV 23 Wash DC:. OP9R7] (J. Boosman). Pentagon

COMELEACT, OKINAWA PWO, Kadena, Okinawa

COMNAVBEACHPHIBREFTRAGRU ONE San Diego CA

COMOCEANSYSPAC SCE., Pearl Harbor HI

COMSUBDEVGRUONE Operations Offe, San Drego. CA

DEFENSE DOCUMENTATION CTR Alexandna, VA

DEFENSE INTELLIGENCE AGENCY Drr., Washington DC

DMAHC Code 1AL Washington DC

DOE Dr. Cohen

DINSRDC Code 4121 (R, Rivers), Annapolis, MD

GSA Fed. Sup. Serv. (FMBP). Washington DC

HCU ONE CO, Bishops Point, HI

KWAJAL EIN MISRAN BMDSC-RKL-C

MARINE CORPS BASE Camp Pendleton CA 92055; Code 43-260, Camp Lejeune NC: M & R Division, Camp Lejeune
NC: PWO Camp Lejeune NC: PWO. Camp S. D. Butler, Kawasaki Japan

MARINE CORPS HQS Code [ FF-2, Washington DC

MCAS Facil. Engr. Div. Cherry Point NC: CO, Kaneohe Bay HI; Code PWE. Kaneohe Bay HI: Code S4. Quantico
VA J Tavlor. Iwakuni Japan. PWD, Dir. Maint. Control Div.. Iwakuni Japan: PWO Kaneohe Bay HI

MCRD PWO. San Diego Ca

MILITARY SEALIFT COMMAND Washington DC

NAF PWO. Atsugi Japan

NAS CO. Guantanamo Bay Cuba: Code 114, Alameda CA; Code 183 (Fac. Plan BR MGR): Code 18700, Brunswick
ME: Code 18U (ENS P.J. Hickey). Corpus Christi TX:; Code 8E, Patuxent Riv.. MD: Dir. Mamnt. Control Drv.,
Key West FL: Dir. Util. Div.. Bermuda; ENS Buchholz, Pensacota, FL: PW (J. Maguire), Corpus Chnst IX.
PWD Maint. Div.. New Orleans, Belle Chasse LA: PWD. Maintenance Control Dir.. Bermuda: PWO Belle Chasse.

LA: PWO Key West FL: PWO, Dallas TX: PWO. Glenview IL; PWO.. Moffett Field CA: SCE Lant Fleet w

Norfolk. VA: SCE Norfolk, VA &
NATL RESEARCH COUNCIL Naval Studies Board, Washington DC ‘«‘
NATPARACHUTETESTRAN PW Engr, El Centro CA & T.
NAVACT PWO, {.ondon UK b
NAVACTDET PWO, Holy Lock UK
NAVAEROSPREGMEDCEN SCE, Pensacola FL =
NAVCOASTSYSTCTR CO. Panama City FL; Code 423 (D. Good). Panama City FL; Code 713 (J. Quirk) Panama 2

City, FL: Code 715 ¢J. Mittleman) Panama City, FL; Library Panama City. FL




NAVCOMMAREAMSIRSTA PWO, Norfolk VA PWO, Wahiawa HE. SCE Uit 1 Naples Ttaly

NAVOCOMMSTA Code 401 Nea Makn, Greece: PWO, Exmouth, Austraha

NAVEDITRAPRODENVCEN Tech Library

NAVEDUTRACEN Engr Dept (Code 42) Newport, Rl

NAVEL EXSYSCOM Code PME-124-61. Washington DC

NAVENVIRHETHCEN CO. Cincinnati, OH

NAVEODEFAC Code 605 Indian Head MD

NAVFAC PWO, Cape Hatteras. Buxton NC. PWO, Centerville Beh, Ferndale CA

NAVFAC PWO, Lewes DE

NAVFACENGCOM Code 43 Alexandna. VA: Code (44 Alexandria, VA Code 0451 Alexandna, VA: Code (453 (D.
Potter) Alexandna. VA Code (S4B Alexandna, Va: Code 04B3 Alexandna, VA: Code 04BS Alexandna, VA:
Code 100 Alexandna, VA, Code 1002B (J. Leimams) Alexandna, VA: Code 1113 (M. Carr) Alexandrna. VA: Code
1113 (1 Stevens) Alexandna, VA Code 1113 Alexandna, VA: Mornson Yap. Caroline Is.: PC-2 Alexandna, VA
PC-2 Alexandna, VA

NAVFACENGOOM - CHES DIV, Code 101 Wash, DC; Code 405 Wash, DC; Code FPO-1 Wash, DC: Contracts,
ROICC. Annapolis MD:; FPO-1 (Spencer) Wash, DC: FPO-1 Wash, DC: Scheessele, Code 402, Wash, DC

NAVFACENGCOM - LANT DIV Code 10A, Norfolk VA: Eur. BR Deputy Dir, Naples Italy: European Branch, New
York: RDI&ELO 102, Norfolk VA

NAVFACENGCOM - NORTH DIV (Boretsky) Philadelphia, PA: AROICC, Brooklyn NY: CO: Code (9P (LCDR A.J.
Stewart); Code 1028, RDT&ELO, Philadelphia PA; Code 111 (Castranovo) Philadelphia, PA: Code 114 (A.
Rhoads): Design Div. (R, Masino), Philadelphia PA: ROICC. Contracts. Crane IN

NAVFACENGCOM - PAC DIV. (Kyi) Code 101, Pearl Harbor, HI: Code 2014 (Mr. Taam), Pearl Harbor HI: Code
402, RDT&E. Pearl Harbor HI: Commander, Pearl Harbor, HI

NAVFACENGCOM - SOUTH DIV. Code 9, RDT&ELO, Charleston SC

NAVFACENGCOM - WEST DIV, 102; Code 4B San Bruno, CA: O9P/20 San Bruno, CA; RDT&ELO Code 2011 San
Bruno. CA

NAVFACENGCOM CONTRACT AROICC. Point Mugu CA; Code 05, TRIDENT. Bremerton WA: Dir, Eng. Div.,
Exmouth. Australia: Eng Div dir. Southwest Pac. Manila, Pl: OICC, Southwest Pac, Manla. PL; OICC/ROICC,
Balboa Canal Zone: ROICC (Ervin) Puget Sound Naval Shipvard, Bremerton. WA: ROICC (LCDR J.G. Leech).
Subic Bay. R P.. ROICC LANT DIV, Norfolk VA: ROICC Off Point Mugu, CA; ROICC, Diego Garcia Island:
ROICC. Keflavik. Iceland: ROICC, Pacific. San Bruno CA

NAVHOSP LT R. Elsbernd. Puerto Rico

NAVOCEANO Code 1600 Bay St. Lows, MS: Code 3432 (J. DePalma), Bay St. Louis MS

NAVOCEANSYSCEN Code 409 (D. G. Moore). San Diego CA; Code 4473 Bayside Library, San Diego. CA: Code 52
(H. Talkington) San Diego CA: Code S204 (J. Stachiw), San Diego. CA: Code 5214 (H. Wheeler), San Diego CA:
Code 5224 (R Jones) San Diego CA: Code 6565 (Tech. Lib.), San Diego CA; Code 7511 (PWO) San Diego, CA

NAVPETOFF Code 30, Alexandria VA

NAVPGSCOL D. Leipper. Monterey CA: E. Thornton, Monterey CA: J. Garnson Monterey CA

NAVPHIBASE CO. ACB 2 Norfolk. VA: Code S3T. Norfolk VA: Harbor Clearance Unit Two, Little Creek, VA

NAVREGMEDCEN PWO Newport RL: SCE (D. Kaye): SCE. Camp Pendleton CA

NAVSCOLCECOFF €35 Port Hueneme. CA; CO, Code C44A Port Hueneme, CA

NAVSEASYSCOM Code 00C-DG DiGeorge. Washington, DC: Code OOC (LT R. MacDougal). Washington DC: Code
SEA OOC Washington, DC

NAVSEC Code 6034 (Library ), Washington DC

NAVSECGRUACT PWO, Adak AK

NAVSHIPREPFAC Library. Guam: SCE Subic Bay

NAVSHIPYD: Code 202 4, Long Beach CA: Code 202.5 (Library) Puget Sound, Bremerton WA: Code 380,
(Woodroff) Norfolk, Portsmouth, VA: Code 400, Puget Sound: Code 404 (LT J. Riccio). Norfolk. Portsmouth VA
Code 410, Mare Is.. Vallejo CA: Code 440 Portsmouth NH: Code 440, Norfolk: Code 440, Puget Sound. Bremerton
WA Code 440 4, Charleston SC: Code 450, Charleston SC: L..D. Vivian: Library, Portsmouth NH: PWD (Code
400), Philadelphia PA; PWO. Mare Is.; PWO, Puget Sound; SCE. Pearl Harbor HI: Salvage Supt. Phila.. PA: Tech
Library . Valleyo, CA

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P.R. Puerto Rico: Dir Mech Engr. Gtmo: Engr. Dir.,
Rota Spain: Maint. Cont. Div.. Guantanamo Bay Cuba: Maint. Div. Dir/Code 531, Rodman Canal Zone: PWD
(1.TJG.P.M. Motolenich), Puerto Rico: PWO Midway Island: PWO, Guantanamo Bay Cuba; PWO, Keflavik
Ieeland: PWO, Mayport FL; ROICC, Rota Spain: SCE. Guam: SCE, San Diego CA: SCE, Subic Bay, R.P.

NAVSUBASE SCE. Pearl Harbor HI

NAVSUPPACT CO, Seattle WA: Code 413, Seattle WA: LTJG McGarrah, SEC, Vallejo. CA: Secunity Offr, San

Francisco, CA
NAVSURFWPNCEN PWO, White Oak, Silver Sprning. MD

T NI AR T YA A

Bty

T 1S AT AT A T VR e T A T W



NAVIECHTRACEN SCE. Pensacola FL

NAVWPNCEN Code 2636 (W Bonner), China Lake CA

NAVWPNSTA Code 2, Colts Neck NJ;. Maint. Control Dir . Yorktown VA

NAVWPNSTA PW Office (Code 09C1) Yorktown, VA

NAVWPNSTA PWO, Seal Beach CA

NAVWPNSUPPCEN Code 08 Crane IN

NCBU 405 OIC, San Drego, CA

NCBC CEL AOIC Port Hueneme CA; Code 10 Davisville, RI; Code 155, Port Hueneme CA; Code 156, Port Huenme
CA; PWO (Code 80) Port Hueneme, CA: PWO, Davisville RI

NCR 20, Commuander

NMCB S, Operations Dept., Forty, CO; THREE, Operations Off

NOAA Library Rockwille, MD

NORDA Code 410 Bay St. Lows, MS; Code 440 (Ocean Rsch Off) Bay St. Lows MS

NRL Code 8400 Washington, DC; Code 8441 (R A Skop). Washington DC: Rosenthal, Code 8440, Wash [DC

NSC Code S4.1 (Wynne), Norfolk VA

NSD SCE, Subic Bay, R P

NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC

NUSC Code 13) New London, CT; Code EAI123 (R.S. Munn), New London CT; Code S332, B-80 (J. Wilcox); Code
TA131 (G. De la Cruz). New London CT

OCEANAV Mangmt Info Div., Arlington VA

OCEANSYSLANT LT A R Giancola, Norfolk VA

ONR (Dr E A Silva) Arlington, VA; BROFF, CO Boston MA:; Code 481, Arlington VA: Code 481, Bay St. Lous,
MS: Code 700F Arhngton VA: Dr. A Laufer, Pasadena CA

PHIBCB | P&E . Coronado, CA

PMTC Code 3331 (S Opatowsky) Point Mugu, CA; EOD Mobile Umit, Point Mugu, CA; Pat. Counsel, Point Mugu CA

PWC CO Norfolk. VA; CO. Great Lakes IL: CO, Oakland CA: Code 120, Oakland CA; Code 120C (Library) San
Drego. CA. Code 128, Guam; Code 200, Great Lakes IL: Code 200, Guam: Code 220 Oakland, CA: Code 220 1.
Norfolk VA, Code 30C Squier, San Drego, CA: Code 40 (C. Kolton) Pensacola, FL; Code 400, Pearl Harbor, HI:
Code 400, San Drego, CA; Code SOSA (H. Wheeler); Code 610, San Diego Ca: Code 700, San Diego, CA: Library.
Subic Bay, R P.. OIC CBU-405, San Drego CA; Utilities Officer. Guam: XO Oakland, CA

UCT TWO OIC, Norfolk, VA; OIC, Port Hueneme CA

U S MERCHANT MARINE ACADEMY Kings Point. NY (Repnnt Custodian)

US DEPT OF INTERIOR Bureau of Land MNGMNT - Code 733 (T_E. Sullivan) Wash, DC

US GEOLOGICAL SURVEY Off. Manne Geology. Piteleki, Reston VA

US NAVAL FORCES Korea (ENJ-P&O)

USCG (G-ECV) Washington Dc; (G-ECV/61) (Burkhart) Washington, DC: G-EOE-4/61 (T. Dowd). Washington DC

USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT; Tech. Dir. Groton, CT

USDA Forest Products Lab. (R. DeGroot), Madison WI; Forest Service, San Dimas, CA

USNA Ocean Sys. Eng Dept (Dr. Monney) Annapolis, MD; Oceanography Dept (Hoffman) Annapolis MD: PWD
Engr. Dw. (C. Bradford) Annapolis MD; PWO Annapolis MD

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong)

CALIF. MARITIME ACADEMY Vallejo, CA (Library)

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm)

CALIFORNIA STATE UNIVERSITY LONG BEACH, CA (CHELAPATI): LONG BEACH, CA (YEN)

CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki, Wash., DC

COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Nelson)

DAMES & MOORE LIBRARY LOS ANGELES, CA

DUKE UNIV MEDICAL CENTER B. Muga, Durham NC; DURHAM, NC (VESIC)

FLORIDA ATLANTIC UNIVERSITY BOCA RATON, FL (MC ALLISTER); Boca Raton FL (Ocean Engr Dept.. C.
Lin)

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL. (W. Tessin)

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL. (HARTMAN)

INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)

IOWA STATE UNIVERSITY Ames IA (CE Dept, Handy)

LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB., RICHARDS): Bethlehem PA
(Linderman Lib. No.30, Flecksteiner)

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DI1V)

MAINE MARITIME ACADEMY (Wyman) Castine ME: CASTINE, ME (LIBRARY)

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)

MIT Cambridge MA; Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.)
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NATL ACADEMY OF ENG. AL EXANDRIA, VA (SEARLE,JR )
NY CHTY COMMUNITY COLLEGE BROOKLYN. NY (LIBRARY)
OREGON STATE UNIVERSITY (CE Dept Grace) Corvalhs, OR; CORVALLIS, OR (CE DEPT, BELL); Corvalis
! OR (School of Oceanography)
PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER)
PURDUE UNIVERSITY Lafayette, IN (Altschaeffl), Lafayette, IN (CE Engr. Lib)
SAN DIEGO STATE UNIV. 1 Noorany San Drego, CA
SOUTHWEST RSCH INST King. San Antomo, I'X; R. DeHart, San Antonio TX
STANFORD UNIVERSITY Engr Lib, Stanford CA; STANFORD, CA (DOUGLAS)
STATE UNIV. OF NEW YORK Buffalo, NY
TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich): W.B. Ledbetter College Station, TX
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERWICK); Berkeley CA (B. Bresler): Berkeley CA
(Dept of Naval Arch 1. Berkeley CA (E Pearson); La Jolla CA (Acq. Dept, Lib. C-075SA); M. Duncan, Berkeley
CA
NIVERSITY OF DEL AWARE Newark, DE (Dept of Civil Engineenng, Chesson)
NIVERSITY OF HAW 411 HONOLULU, HI(SCIENCE AND TECH. DIV.)
NIVERSITY OF ILLPSOIS Metz Ref Rm, Urbana IL.; URBANA| IL (DAVISSON); URBANA, IL (LIBRARY):
URBANA Il (NEWMARK)
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UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept
UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)
3 UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)
UNIVERSITY OF NEW HAMPSHIRE DURHAM, NH (LAVOIE)
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA, PA (SCHOOL OF ENGR & APPLIED SCIENCE, ROLL)
UNIVERSITY OF RHODE ISLAND KINGSTON, RI (PAZIS)
UNIVERSITY OF SO. CALIFORNIA Univ So. Calif
UNIVERSITY OF TEXAS Inst. Manne Sci (Library), Port Arkansas TX i
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON): Austin, TX (Breen)
9 UNIVERSITY OF WASHINGTON Seattle WA (M. Sherif); SEATTLE, WA (APPLIED PHYSICS LAB): SEATTLE.

WA (MERCHANT). SEATTLE, WA (OCEAN ENG RSCH LAB, GRAY); SEATTLE, WA (PACIFIC MARINE
ENVIRON. LAB., HALPERN); Seattle WA (E. Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
h URS RESEARCH CO. LIBRARY SAN MATEO, CA
VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)
ALFRED A. YEE & ASSOC. Honolulu HI
i AMETEK Offshore Res. & Engr Div
ARCAIR CO. D. Young, Lancaster OH
ARVID GRANT OLYMPIA. WA
ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH)
AUSTRALIA Dept. PW (A. Hicks), Melbourne
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
BELGIUM HAECON, N.V_, Gent *
BETHLEHEM STEEL CO. Dismuke, Bethelehem, PA
BOUW KAMP INC Berkeley
BRAND INDUS SERV INC. J. Buehler, Hacienda Heights CA
BROWN & CALDWELL E M Saunders Walnut Creek, CA
BROWN & ROOT Houston TX (D. Ward) i
CANADA Can-Drve Services (English) North Vancouver: Library, Calgary, Alberta; Lockheed Petro. Serv '.td. New
Westminster B.C.; Lockheed Petrol. Srv. Ltd., New Westminster BC; Mem Univ Newfoundland (Char: ;. St Johns:
Surveyor, Nenninger & Chenevert Inc., Montreal: Trans-Mnt Oil Pipe Lone Corp. Vancouver, BC Canada
CF BRAUN CO Du Bouchet, Murray Hill, NJ T
CHEVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS)
CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON)
CONTINENTAL OIL CO O. Maxson, Ponca City, OK
DILLINGHAM PRECAST F. McHale, Honolulu HI
DRAVO CORP Pittsburgh PA (Wright) “:4

NORWAY DET NORSKE VERITAS (Library), Oslo
EVALUATION ASSOC. INC KING OF PRUSSIA, PA (FEDELE)
EXXON PRODUCTION RESEARCH CO Houston, TX (Chao)
FRANCF Dr. Dutertre, Boulogne; L. Pliskin, Paris; Roger LaCroix, Paris .
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GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding)

GLIDDEN CO. STRONGSVILLE, OH (RSCH LIB)

GOULD INC. Shady Side MD (Ches. Inst. Div.. W. Paul)

HALEY & ALDRICH. INC. Cambndge MA (Aldnch, Jr.)

ITALY M. Caaroni, Milan: Sergio Fattont Milano: Torino (F. Levi)

KOREA Korea Rsch Inst. Ship & Ocean (B, Chot. Seoul

LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (Selwyn)

LIN OFFSHORE ENGRG P. Chow, San Francisco CA

LOCKHEED MISSILES & SPACE CO. INC. L. Tnnmble. Sunnyvale CA: Mgr Naval Arch & Mar Eng Sunny vale,
CA: Sunnyvale CA (Rynewicz), Sunnyvale, CA (K. L. Kerr)

MARATHON OIL CO Houston X

MC CLELLAND ENGINEERS INC Houston TX (B. McClelland)

MEXICO R Cardenas

MOBIL PIPE LINE CO. DALLAS, X MGR OF ENGR (NOACK)

MOFFATT & NICHOL ENGINEERS (R. Paimer) Long Beach, CA

MUESER. RUTLEDGE., WENTWORTH AND JOHNSTON NEW YORK (RICHARDS)

NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian), Porirua

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)

NORWAY A Torum. Trondheim: DET NORSKE VERITAS (Roren) Oslo; 1. Foss, Oslo: J. Creed. Ski; Norwegian
Tech Umiv (Brandtzaeg). Trondherm

OCEAN ENGINEERS SAUSALITO, CA (RYNECKI)

OCEAN RESOURCE ENG. INC. HOUSTON, IX (ANDERSON)

PACIFIC MARINE TECHNOLOGY Long Beach, CA (Wagner)

PORTLAND CEMENT ASSOC. SKOKIE. 11 (CORLEY; SKOKIE, IL (KLIEGER); Skokie IL. (Rsch & Dev Lab,
Lib.)

PUERTO RICO Puerto Rico (Rsch Lib.), Mayaquez P R

R J BROWN ASSOC (McKeehan). Houston, T'X

RAYMOND INTERNATIONAL INC. E Colle Soif Tech Dept. Pennsauken. NJ

RiIVERSIDE CEMENT CO Riverside CA (W. Smith)

SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK)

SEAFOOD LABORATORY MOREHEAD CITY. NC (LIBRARY)

SEATECH CORP. MIAMI, FL (PEROND

SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.): Houston TX (E. Doyle)

SHELL OIL. CO. HOUSTON, ITX (MARSHALL): Houston TX (R. de Castongrene)

SOUTH AMERICA N. Nouel, Valencia, Venezuela

SWEDEN VBB (Library), Stockholm

TIDEWATER CONSTR. CO Norfolk VA (Fowler)

UNITED KINGDOM A. Denton, London; British Embassy (Info. Offr), Washington DC: Cement & Concrete Assoc
Wexham Springs. Slough Bucks: Cement & Concrete Assoc. (Library), Wexham Springs. Slough: Cement &
Concrete Assoc. (Lit. Ex). Bucks: D. Lee. London; D. New. G. Maunsell & Partners. London; J. Derrington,
London: R. Browne, Southall, Middlesex: R. Rudham Oxfordshire; Taylor, Woodrow Constr (014P), Southall,
Middlesex; Taylor., Woodrow Constr (Stubbs). Southall, Middlesex

WATT BRIAN ASSOC INC. Houston, TX

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan)

WESTINTRUCORP Egerton, Oxnard, CA

WISS, JANNEY. ELSTNER, & ASSOC Northbrook, 1L (D.W. Pfeifer)

WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY): Duxbury. MA (Richards)

WOODWARD-CL.YDE CONSULTANTS (A. Harrigan) San Francisco: PLYMOUTH MEETING PA (CROSS. 111)

ADAMS, CAPT (RET) Irvine, CA

AL SMOOTS Los Angeles, CA

ANTON TEDESKO Bronxville NY

BRAHTZ La Jolla, CA

BULLOCK La Canada

LLAYTON Redmond. WA

R.F. BESIER Old Saybrook CT

SMITH Gulfport, MS

I.W. MERMEL Washington DC

WM TALBOT Orange CA

CEC Parisi, Anthony M., LT
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